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ABSTRACT
Simco, W. M.S. The University of Memphis. August, 2018. Recharge of the Memphis
Aquifer in an Incised Urban Watershed. Major Professor: Daniel Larsen, Ph. D.

The Memphis aquifer is the principal source for groundwater in western Tennessee.
Recharge processes to the aquifer are poorly understood, but previous studies show that recharge
to the aquifer occurs more efficiently in stream gullies with sand bottoms than in upland terraces
within rural areas of the recharge belt: the same is expected in urban areas. Water balance
measurements in the Sandy Creek watershed in Jackson, Tennessee, provide information
regarding infiltration and potential recharge to the Memphis Aquifer that may be typical of urban
stream valleys where sandy Coastal Plain aquifers are exposed. Monthly water balance estimates
in the watershed indicate peak groundwater recharge during winter and early spring months with
lesser contributions during the summer and fall when soil moisture retention is lowest. The
majority of the recharge is attributed to discharge losses in the streambed with little recharge
passing through the silt-rich soils of the upland surfaces.
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CHAPTER 1: INTRODUCTION

The Eocene-age Memphis aquifer is the major source of water for municipal and
industrial supplies in the northern Mississippi embayment of the central U.S. (Brahana and
Broshears, 2001). Recharge to an unconfined aquifer occurs when water infiltrates the ground
surface and percolates to the water table. Recharge replenishes groundwater supplies that may
later be pumped from wells for municipal, domestic and industrial uses. Despite the Memphis
aquifer’s importance, little information is available regarding recharge processes in the exposure
belt. Recent studies indicate that the recharge to the aquifer could be limited by Quaternary loess
and paleosols on upland surfaces in the exposure belt of the Memphis aquifer, where it is
mapped as the Memphis Sand (Larsen and Brock, 2014). In a preliminary study, Waldron et al.
(2008) hypothesize that it could take as long as 100 years for recharge to travel from the upland
surfaces to the water table. In rural areas of the exposure belt, recharge was more efficient in
stream gullies with sand bottoms than in upland surfaces (Bursi, 2015). An urban stream with
similar characteristics as the rural streams studied by Bursi (2015) is expected to exhibit similar
recharge processes. The present study investigated hydrologic conditions in Sandy Creek, a
small urban stream incised within the upland hills in Jackson, Tennessee. Recharge to the
Memphis aquifer was evaluated using hydrologic balance, soil moisture and stream flow
characteristics.
The West Tennessee River Basin Authority has conducted stream restoration projects
throughout west Tennessee since 2010 when they began partnering with the Nature Conservancy
as part of the Tennessee Healthy Watershed Initiative. These restoration projects are aimed at
improving stream conditions, but the impacts of restoration on subsurface hydrologic conditions
have not been studied. The Sandy Creek site observed in this study is designated for stream
1

restoration in Summer 2018. Results of the present study will provide information regarding
pre-restoration hydrologic conditions that will inform assessment of post-restoration effects on
stream hydrology and recharge.
1.1 Previous Work
Extensive work on hydrology of the Memphis aquifer has been completed by previous
studies. For example, the Memphis aquifer consists of the Eocene-age Memphis Sand, which
varies from a coarse to fine-grained, unconsolidated sand, with interbedded silt and clay
depending on location (Parks and Carmichael, 1990). This formation is bounded by two
intervals of finer grained strata (Figure 1) with Eocene Cook Mountain and Cockfield formations
of the upper Claiborne Group on the top and the Eocene Flour Island Formation on the bottom.

Brahana et al. (1987)

Figure 1. (A) U.S. map showing upper Mississippi Embayment, in reference to study site. (B) Map showing study site in the
unconfined region of the Memphis aquifer. (C) Sediments in the Mississippi Embayment along cross-section line A - A' in
Figure 1 (B). The red dot indicates the location of the Pinecrest study site and the blue star represents the Sandy Creek study site
projected with respect to the cross-section line

2

Though the Memphis aquifer is regionally confined by the upper Claiborne confining unit
in western Tennessee, it is also an unconfined aquifer to the east of the confined region (Figure
1-B), due to the shallow northwesterly dip of the strata (Brahana and Broshears, 2001). This
results in an exposure belt 25 to 75 km in width to the east of the confined region in western
Tennessee. Two sites that have been under investigation, the Sandy Creek site in Jackson,
Tennessee, and the Pinecrest site in La Grange, Tennessee (Figure 1), lie within this exposure
belt and within similar stratigraphic positions in the Memphis Sand.
Parks and Carmichael (1990) suggested that recharge to the Memphis aquifer results from
infiltration of precipitation onto the outcrop area of the Memphis Sand. However, little is known
about where and at what rate this process occurs. Current information indicates that recharge
rates of the Memphis aquifer vary spatially across the region and include leakage mechanisms
through the overlying confining Cook Mountain Formation (Parks, 1990; Bradley, 1991;
Brahana and Broshears, 2001; Larsen et al., 2003; Koban et al., 2011). Multiple factors limit
recharge in the area, but permeability of surface and subsurface soils may be the most important.
Recent geologic mapping and sedimentological analyses (Larsen and Brock, 2014) show that
recharge to the aquifer may be limited by the Quaternary loess and a paleosol that overlies the
upper surface of the Memphis Sand in the exposure belt. However, incised stream gullies in the
exposure belt contain surface exposures of the Eocene Memphis Sand. At these exposures,
runoff and precipitation are likely to recharge vertically (Bursi, 2015).
1.2 Research Hypothesis
Previous studies in western Tennessee have shown that recharge to the Memphis aquifer
within the exposure belt in rural areas occurs more efficiently in stream gullies with sand
bottoms than upland surfaces (Bursi, 2015). Within the recharge area, urban streams are
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expected to exhibit the same recharge characteristics as rural streams. The study site of interest,
Sandy Creek, a small urban stream incised into upland hills in the recharge belt for the Memphis
aquifer (Figure 2) and located in Jackson, TN, is expected to facilitate recharge more efficiently
in the sand bottom stream gully than in the loess-covered upland surfaces. I hypothesize that
hydrologic observations conducted during the course of this study, will show that Sandy Creek is
an ephemeral stream that loses significant and measurable water flow to stream bed infiltration.
Additionally, I hypothesize that water balance data (comprising precipitation, evapotranspiration,
stream discharge, and soil moisture) collected in the Sandy Creek watershed can be used to
estimate the recharge rate to the underlying Memphis aquifer.

Figure 2. Area of study in Jackson, TN (Left) and digital elevation model of Sandy Creek watershed (Right) revealing the
different elevations within the watershed. The blue line representing Sandy Creek shows the visual extent of the stream within
the watershed.

1.3 Site Description
The area of study within the central part of Jackson, Tennessee and a digital elevation
model revealing the different elevations within the Sandy Creek watershed are shown in Figure
2. This project will be conducted in the upland portion of the Sandy Creek watershed. With
almost 25% of western Tennessee acting as a recharge zone for the Memphis aquifer (Parks and
Carmichael, 1990), this site was chosen for its urban location in the exposure belt. The
4

landscape type of the site is a highly eroded ephemeral urban stream. Tree-covered terraces and
upland areas have severely eroded in some places leaving abrupt changes in elevation throughout
the Sandy Creek watershed. Although residential and commercial properties are present within
the watershed, impervious surfaces like roads and parking lots do not represent a significant
portion of the area. According to the Koppen Climate Classification System (Peel et al., 2007),
Jackson, Tennessee has a humid subtropical climate, with generally hot and humid summers and
mild winters. Freezing temperatures occur sporadically during the winter months, with a few
days of snow during the first few months of the year. The area receives precipitation throughout
the entire year, with late summer to early fall getting the least rain. According to the NRCS Web
Soil Survey (USDA, 2018), soils within the watershed are mostly comprised of Memphis silt
loam, Lexington and Smithdale soils, and Collins silt loam. Soils within the watershed vary with
distance from the creek itself.
CHAPTER 2: RESEARCH APPROACH
Hydrologic data collected since February 2016 to March 2017 was used in the water
balance analysis. Hydrologic analyses include soil-water analysis by tensiometer, lysimeter and
neutron-probe moisture measurements, and discharge estimates using stage-discharge
relationships. Weather data was collected from an on-site weather station. Water-balance
parameter measurements including precipitation, stream discharge, and evapotranspiration data
were used to calculate monthly and annual water budgets. Grain size analysis of soil and
sediment at different reaches of the watershed were used to help understand how different soil
types could affect soil moisture storage during the year. Soil moisture data were used to evaluate
the amount of water held by soils during the year.

5

2.1 Field Methods
Geomorphic features in the study reach include terraces (high and low), the upland
surface, and the streambed itself. The low terrace is discontinuously preserved at approximately
1.5 m above the streambed and mostly covered by kudzu and sparse areas of small trees. The
high terrace is well-preserved at approximately 8 m above the streambed and supports residential
properties as well as large tree and kudzu growth. Soil descriptions were made at an exposure on
the side of each of the geomorphic features within the watershed and during installation of the
neutron probe borehole at four hydrologic data collection locations (low terrace upstream LT-

Figure 3 Detailed map of the Sandy Creek watershed. The alluvial terrace is labeled in purple and the high terrace is labeled in
red. Data collection sites are indicated by yellow circles and soil profile sites are labeled with green stars. Watershed area
shown at one-meter resolution.
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US; low terrace mid-stream LT-MS; low terrace downstream LT-DS; high terrace mid-stream
HT-MS; Figure 3). Soil profiles (labeled as S1, S2, and S3 on Figure 3) were created at three
different locations at the Sandy Creek site near the channel and along the terraces.
The S1 soil profile was located at the top of the high terrace next to the weather station.
The S2 soil profile was exposed along the low terrace next to the LT-US site. The S3 soil profile
was created upstream from the first two, east of Muse Street, on the upland terrace surface.
Sharpshooter shovels and regular shovels were used to dig a pit that was at least 1-m deep at
locations 1 and 2 and a 2-m deep pit at location 3. Samples 1-3 were taken from location S1;
samples 4 and 5 were taken from location S2; and samples 6-9 were taken from location S3. The
pits constructed were wide enough to easily observe the different soil horizons from the top of
the pit to the bottom. As soil was removed from the pits, each horizon was placed apart from
one another so they could be returned to the pit in the same order as they were removed.
Working from top to bottom, horizon depths were measured and their characteristics, such as
color (Munsell color chart) and pH (soil pH meter), were recorded.
Each hydrologic data collection site (LT-US, LT-MS, LT-DS and HT-MS) was equipped
with a 3-m deep borehole for use with a soil moisture gauge (Figure 3). These boreholes were
sampled at 0.3-m depth increments to gain an understanding of the soil texture at each site.
Samples were extracted with a bucket auger and stored in plastic bags until grain-size analysis
could be performed in the laboratory.
Precipitation and evapotranspiration parameters were measured using a Decagon EM50
Microclimate Monitoring System (Decagon Devices, Inc., Pullman, Washington). The Decagon
EM50 is a weather station set to measure data at a 15-min interval during the course of the study.
Data were collected monthly to monitor conditions throughout the year. The weather station was
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installed at the HT-MS collection site. This location was chosen to reduce interference from
surrounding vegetation as well as its relative security from passersby. Data collected from this
weather station were assumed to be representative of the entire watershed area.
Soil moisture was evaluated using three methods: lysimeter (which measures water
volume), tensiometer (which measures soil moisture potential), and neutron probe (which
measures volumetric soil water content) measurements. Soil test vacuum lysimeters and jet fill
tensiometers were installed at 1.5 m depth at the four hydrologic data collection sites. Water
volume and soil moisture potential were measured in the 3-m boreholes at the four locations
within the site every other week. A Troxler 4300 Soil Moisture Gauge (Troxler Electronic
Laboratories, Inc., Research Triangle Park, North Carolina) measured soil moisture content in
the 3-m boreholes at the four locations within the site. A neutron moisture meter measures soil
moisture using a radioactive Americium 241/Beryllium pellet to emit high-energy neutrons that
bounce off of water molecules in the soil column. Neutrons from the probe enter the soil and
attain thermal equilibrium with the hydrogen present in water. The thermalized neutrons enter
the detector and register as a count. Then using a calibration, the detected counts are converted
into precise soil moisture readings for each depth with an error of 0.024 g/cm3. The quantity of
water is given as percent water by mass within the soil; thus, showing where water is being held
within the soil column. Readings were taken at 0.3 m depth increments.
Stream conditions were observed along the study reach during each biweekly visit.
Cross-sectional area was measured at LT-US and LT-DS sites. At LT-DS, a pressure transducer
was placed 10 cm deep into the streambed to measure stage height, which was used to calculate
stream discharge (see discussion below). Photographs were taken on a monthly basis at the LTDS site to monitor changes in stream geometry and roughness.
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2.2 Data Analysis
Hydrologic balance, the difference between the water that comes into the system and the
water that leaves the system, was calculated using an equation that demonstrated the change in
water storage over the time of the study (Equation 1). In Equation 1, R is groundwater recharge,

Equation 1

R

P is precipitation (inflow), ET is evapotranspiration (outflow), RO is runoff (outflow), and ΔS is
the change in soil water storage in the vadose zone (Sophocleous, 1991).
The water that enters the Sandy Creek watershed is referred to as the Inflows: e.g.,
precipitation. This precipitation involves all of the water that falls onto the land area that
eventually feeds into the stream (i.e., all the water that falls in the watershed) and is discharged,
if not otherwise impeded. Additionally, no other significant water source was included because
no artificial discharge was observed during survey of the stream system. Precipitation data are
collected by the weather station on the high terrace and distributed evenly throughout the
watershed area. It is reasonable to distribute the precipitation data from this single weather
station throughout the watershed because the relatively small size of the watershed.
Water that leaves the watershed is referred to as the Outflows: e.g., evapotranspiration
and discharge. Discharge was quantified by measuring the cross-sectional area of the
downstream terminus, surveying the channel at this location to determine slope, using a pressure
transducer in the streambed to determine the height of the flowing water at 15-min intervals, and
assessing the material that comprises the streambed.
Equation 2
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The Manning equation for open channel flow (Manning, 1891; Equation 2) was used to
calculate discharge at the terminus of the Sandy Creek watershed. For Equation 2, Q is defined
as the calculated flow rate by multiplying the velocity of the water (V) by the flow area (A).
Manning’s n represents the roughness coefficient that is determined by the streambed
composition. R represents the hydraulic radius and was calculated by dividing the cross
sectional area of flow by the wetted perimeter of the channel. S is the slope of the channel where
the flowrate was calculated. Stage height data from the transducer installed at the terminus
provided the data for calculating hydraulic radius when compared to the measured cross
sectional data. Stage height data were used to prepare a synthetic rating curve by which stage
data at 0.2 m increments were used to calculate the approximate discharge. Stage height data
were collected at 15-min intervals and calculated flow rates were assumed constant throughout
that interval. Potential errors within these calculations could be caused by inaccuracies in
measurement of the stream cross-section or stream slope. Additionally, errors from the
transducer data caused by fluctuations of barometric pressure or temperature could also affect the
calculated results. To account for these potential sources of error, a 10% error was assigned to
all discharge calculations.
The other type of Outflow, evapotranspiration, was calculated using a modified PenmanMonteith equation (Equation 3) with parameters obtained from the weather station on site. The
equation for calculating evapotranspiration is valid where ETo = reference evapotranspiration
rate (mm d-1), T = daily mean air temperature (°C), and u2 = wind speed (m s-1) are measured at
2 m above the ground surface. Other required data include Rn = net radiation (MJ m-2 day-1), G
= soil heat flux (MJ m-2 day-1), es – ea = saturation vapor pressure deficit (kPa), Δ = slope vapor
pressure curve and ϒ = psychrometric constant (kPa ˚C-1). This modified Penman-Monteith
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equation can be applied using hourly data if the constant value “900” is divided by 24 for the
hours in a day (Zotarelli et al., 2010). The Penman-Monteith method uses grass for a reference
crop, which could introduce error into the calculations because of seasonal growth rate variation
and the fact that grass was not the only land cover within the watershed.

Equation 3

The change in soil moisture storage for the duration of the study was calculated on a
monthly basis over approximately one year. The amount of water that can be stored in soil
becomes negligible in the water balance equation as the length of time increases due to the
magnitude of the Inflows and Outflows (Sophocleous, 1991). Assuming the change in soil
moisture for the study duration is negligible and that there are no artificial discharges into the
watershed, then the difference between the Inflows and Outflows is expected to contribute to
groundwater supplies. If this assumption were not true and there were significant discharges
from homes or businesses, then the magnitude of Outflows would be significantly higher than
that of the Inflows.
Watershed area is necessary to accurately describe where water is coming and going
through a system. To find the area of the watershed, LIDAR data for Madison County was
imported into ArcMap 10.4 GIS software where the data were converted into a Digital Elevation
Model (DEM). DEMs are useful in determining many different landscape characteristics
including the steepness and direction of hillslopes. Although the hillslope can predict the
direction that water might flow, the DEM needs to compensate for depressions that can retain
water and distort the dimensions of the watershed, so the Fill tool was used to smooth the flow
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direction of water off of a hill slope. The stream was identified within the DEM and a Pour Point
was established as the end of the watershed, and in this case, the location of our downstream
transducer where discharge was calculated. The Pour Point was then used to create a polygon
feature with the shape and area that is representative of the watershed at Sandy Creek.
2.3 Laboratory Methods
Grain size analysis was completed at the University of Memphis Soils Processing
Laboratory. Representative samples from each neutron probe borehole were bagged on site and
transported to the laboratory. Once in the lab, the samples were run through a 50/50 splitter to
obtain a randomized 50 g sample for processing. Water and sodium pyrophosphate were added
to the split sample to remove clumps, and then placed on a shaking table for no less than 12
hours to insure mixing. After the samples were free of clumps, they were passed through a wet
sieve to separate the clay/silt components from the sand fraction of the sample. The separated
parts of the samples were put in an oven to drive off water and solvents until only the sample
remained. The clay/silt fraction was weighed to produce the “fines” portion of the overall
sample. The sand fraction was separated by shaking through sieves from size -2 phi to 4 phi in
0.5 phi increments to produce an overall grain size distribution for each sample. Cumulative
grain size curves were created to display the grain-size distribution of each sample. A more
detailed description of the procedure is provided in Appendix B.
CHAPTER 3: RESULTS
3.1 Geomorphology and Stratigraphy
Sandy Creek is an ephemeral urban tributary to the South Fork of the Forked Deer River
in the central part of West Tennessee. Muse Park in Jackson, Tennessee contains the headwater
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region of Sandy Creek examined in this study. The landforms in the study area include an
upland surface that makes up the majority of the watershed, and two terraces that are located
within close proximity to the creek. The high terrace and upland surface support large tree
growth and kudzu. Residential properties line the south side of the stream along the high terrace
and upland surface, providing opportunities for dumping of urban debris (tires, couches, etc.)
into the stream. The low terrace supports kudzu growth and is susceptible to erosion and
discontinuity. Sharp vertical divides separate the low and high terraces, exposing the alluvium
that comprises the high terrace. In places where the stream has incised into or removed the low
terrace, exposures of the Memphis Sand are present along the creek.
Sediment descriptions from soil profiles collected in the field were confirmed by analyses
performed in the laboratory. Field observations of the soil beneath the high terrace (S1) and
upland surface (S3) locations indicate a very thin (~3 cm) layer of organics overlying weakly
developed soil horizons in silt-rich material with small to medium sized roots (Figure 4). The
quantity of organics ranged from 0 - 5.66%, with the highest percentage coming from samples
that were closest to the surface and the lowest percentage from samples that were taken at depth.
The high terrace and upland surface are composed of a mixture of silt and clay that dominated
the samples at S1 and S3 sites (the highest being 97.77% silt and clay). At S2, located on the
low terrace, the soil is mostly composed of sand with almost no organics present: one deep
sample had almost 99% sand, characteristic of the Memphis Sand Formation. The Memphis
Sand exposures in the creek (Figure 5) were seen along the low terrace, underlying silt-rich
fluvial deposits abundant with organics.

13

Figure 4. S3 soil profile along the upland surface of Sandy Creek, Jackson, Tennessee. The soil pit was constructed to a
depth of 2 m to show the soil horizons (separated by horizontal white lines). The Oe horizon is characterized by organic
material at the surface and was less than 10 cm thick. The three horizons below the organics layer are Bt horizons
characterized by translocated clays that have been moved down the soil column by water and have thicknesses varying
from 40 cm to 80 cm.
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Memphis
Figure 5. S2 soil profile along the low terrace of Sandy Creek, Jackson, Tennessee. The soil pit was
constructed to a depth of two meters with a white line separating the two distinct soil horizons. The
upper most soil horizon (A/C) is characterized by a mixture of Memphis Sand and organic matter.
The lower C horizon is characterized by the oxidized Memphis Sand unit found throughout West
Tennessee.

3.2 Sediment Description
Stratigraphic columns were prepared for each neutron borehole location (grain size
distributions of the sediment samples are provided in Appendix B). The high terrace
stratigraphic column consisted of eight distinct units representing silty alluvium (Figure 6). The
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HT-MS

Figure 6. High terrace mid-stream (HT-MS) soil stratigraphy column and representative cumulative grain-size
curves for Sandy Creek, Jackson, Tennessee.

first unit was taken at the surface, was dark brown in color and comprised of silt, minor clay, and
very fine grained sand with abundant very fine to medium size roots. The second unit (0.3 m
deep) started at an abrupt color change from 0.1 m downward that went from dark brown to
brown with subangular blocky structure, and contained silt with minor clay and medium to large
roots and dispersed leaves. The third unit (0.6 m) exhibited gradual addition of fine to very fine
pores from the second unit. Unit four (0.9 m) showed a color change from brown to dark brown
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with irregular strong brown mottling: broken angular structure of mottles with superimposed
weak subangular blocky structure here indicated a buried A horizon mixed with B horizon. Unit
five (1.2 m) consisted of fine grain sandy silt with fine roots and brown mottles. Unit six (2.1 m)
showed a color change to dull yellowish brown and was comprised of weak subangular blocky
structure with dispersed brown-black iron concretions. Unit seven (2.5 m) exhibited an abrupt
color change to reddish yellow with very fine to fine grain sand with clay, root traces with gray
clay, weak platy structures and broken soil texture in some places. Unit 8 (2.9 m) was comprised
of silty clay to very fine grain sand and loose rounded platy peds. The LT-US stratigraphic
column (Figure 7) consisted of five distinct units, the upper four comprising sandy alluvium and
the lowest representing Memphis Sand. Unit one (0.15 m) was comprised of dark brown fine to
medium-grained silty sand with very fine to fine roots and decaying organics. Unit two (0.3 m)
showed gradual color change to brown fine to medium grained sand with minor silt and fine to
medium roots. Unit three (0.6 m) showed gradual change to strong brown fine to mediumgrained silty sand with iron oxide (FeOx) pebbles, white clay clumps, a coffee cup, and sparse
consolidated brown-black mottling. Unit 4 (1.5m) displayed a sharp change to yellowish red
broken FeOx crust and cemented sand that gradually changed to dark red brown fine grained
sand with dark reddish brown FeOx concretions. Unit 4 gradually included very dark grey to
yellowish red fine grained sand that was indicative of the Memphis Sand.
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Figure 7. Low terrace upstream (LT-US) soil stratigraphy column and representative cumulative grain-size curves for Sandy
Creek, Jackson, Tennessee.
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Figure 8 Low terrace mid-stream (LT-MS) soil stratigraphy column and cumulative grain-size curves
for Sandy Creek, Jackson, Tennessee.

The LT-MS stratigraphic column (Figure 8) is comprised of five distinct units; four of
sandy alluvium and the lowest of Memphis Sand. Unit 1 (0.1 m) was comprised of yellow to
dark grey brown fine to medium grained quartz sand with black organics. Unit 2 (0.5 m) was a
massively bedded pink fine-grained quartz sand with black organic flakes. Unit 3 (1.5 m) was a
19

pink very fine to fine grained quartz sand with a FeOx crust approximately 0.03 cm in thickness;
granules of white chert and sparse charcoal were dispersed throughout the sample. Unit 4 (1.8
m) showed the contact with unit three and the Memphis Sand unit seen at the upstream site. This
was yellowish red to pink clayey very fine-grained sand with few black root trace stains. Unit 5
(2.4 m) exhibited a sharp change to red clayey FeOx very fine to fine grained sand that was
massively bedded.
The LT-DS stratigraphic section (Figure 9) consisted of four major units, the upper three
being sandy alluvium and the lowest being Memphis Sand. Unit one (0.1 m) was a brown very
fine to fine grained sandy silt with abundant leaves, sticks and roots. Unit two (0.3 m) was
comprised of silty very fine to fine grained quartz sand, fine brown organics, and sparse roots.
Unit three (1.25 m) contained brown very fine to fine grained quartz sand with black leaf and
twig organics, red to black FeOx nodules and thick FeOx crust. Unit four (1.5 m) consisted of
pinkish white to reddish yellow very fine grained clayey quartz sand, indicative of the Memphis
Sand.
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Figure 9 Low terrace down strea(m LT-DS) soil stratigraphic column and cumulative grain-size curves for Sandy
Creek, Jackson, Tennessee.
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Figure 10 Cumulative grain size curves for samples taken at the high terrace midstream (HT-MS) location on Sandy Creek,
Jackson, Tennessee. (a) Cumulative grain size curve for the surface sample; (b) Cumulative grain size curve for 0.9 m sample;
(c) Cumulative grain size curve for 2.1 m sample; and (d) Cumulative grain size curve for 2.95 m sample.

The HT-MS location was expected to be comprised mostly of fine sand and silt-clay, and
having high amounts of finer sediments at each of the sampled depths. Grain size analysis for
the surface sample (Figure 10a) yielded a mean grain size of 3.77ɸ with nearly 87% of the
sample smaller than 4ɸ. Surfaces covered in fine sediments comprise the majority of the
watershed, and fine grain samples like this are representative of those surfaces. At 0.9m depth
(Figure 10b), grain size analysis revealed very similar characteristics as the surface sample with
a mean grain size of 3.69ɸ with 80% of the sample smaller than 4ɸ. 2.1 m from the surface
(Figure 10c), the sample showed increased levels of sand, though still containing a major
component of fine sediments: mean grain size was 2.63ɸ with 39% of the sample smaller than
4ɸ. The deepest sample taken (Figure 10d) had similar composition to the 2.1 m sample with a
mean grain size of 2.63ɸ and 34% of the sample greater than 4ɸ.
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Figure 11 Cumulative grain size curves for samples taken 2.9 m deep on low terrace sites on Sandy Creek, Jackson,
Tennessee (a) LT-US cumulative grain size curve showing a composition of mostly fine sand. (b) LT-DS cumulative grain
size curve composition of mostly very fine sand.

LT sites are located closer to the stream and expected to be in connection with Memphis
Sand exposures along the reach of the stream. Surface samples at each low terrace site showed
considerably lower percentages of fine sediments than the high terrace site. However, the low
terrace surface samples did still have fine sediments present. As depth increased at the low
terrace sites, the fine sediment component decreased to levels of 10% or less of the sample
composition. Medium to fine sand comprised the majority of the samples taken below the
surface on the low terrace sites. The deepest samples taken (at nearly 3 m) exhibited
compositions of mostly sand without a major component of fine sediments (Figure 11).
Composition of these samples matches that of the Memphis Sand exposures within the study site.
3.3 Climate Data
Climate data were recorded from the weather station installed at the high terrace site
within the Sandy Creek watershed. This is the only weather station present within the watershed;
however, two additional weather stations, KMKL and KTNJACKS17 (Menne et al, 2012), are
located within the Jackson area and used for comparison. Total precipitation recorded by the
Sandy Creek weather station for the period of interest was 1867.4 mm which is greater than the
six-year mean annual rainfall of 1549 mm calculated by K3JAE’s weather station in Bruceton,
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TN. However, the two weather stations in Jackson recorded similar totals for the same
observation period to the Sandy Creek weather station with totals of 1501 and 1704 mm,
respectively. The six-year mean annual temperature for the area as calculated by K3JAE’s
weather station was 14.3˚C, which is lower than the mean temperature (15.1˚C ) recorded by the
weather station at Sandy Creek. Seasonal variation was pronounced in both temperature and
precipitation data at the Sandy Creek weather station (Figure 12). Temperature values from
January to March of 2017 had high standard deviation and invariant mean, relative to those
during the observation period in 2016. In comparison to the six-year mean temperatures from
K3JAE, the temperature values at the Sandy Creek weather station were higher in all months
except December 2016. Precipitation data show seasonal variation with more consistent
precipitation events occurring during the winter and spring. Long periods during late summer
and early fall experienced little or no precipitation.

Figure 12 Temperature (˚C) and precipitation (mm) data from the weather station at the high terrace location within the Sandy
Creek watershed, Jackson, Tennessee. Temperature values were averaged on a daily basis then plotted (red) on the graph.
Precipitation values were produced from the total amount of precipitation recorded for each day and plotted (blue) on the graph.
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Figure 13 Evapotranspiration (mm) data from the weather station at the high terrace location at Sandy Creek, Jackson, Tennessee.

Daily mean air temperature, net solar radiation, and wind speed data from the Sandy
Creek weather station were applied to a modified Penman-Monteith equation in the DataTrac
software that calculated daily evapotranspiration values. Daily evapotranspiration totals are
plotted on Figure 13.
3.4 Discharge
Discharge in Sandy Creek was calculated based on stage data measured in a pressure
transducer buried in the stream bed at the LT-DS site. The pressure transducer used to calculate
stage height was compensated with barometric pressure from the weather station. Each time data
was downloaded from the transducer, a new baseline was established using the transducer
pressure at the time of reinstallation in the stream. The transducer was reinstalled at the same
position in the stream cross-section each time at roughly the same depth. Data from the
transducer initially indicated very low flow conditions for prolonged periods when no flow was
seen. The transducer was picking up saturation levels below the streambed rather than actual
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stage height in the stream. Therefore, a threshold of 0.05 feet was established to eliminate false
positive stage height readings. If this threshold was not met, a stage height of zero would be
recorded. Although data were collected as accurately as possible, measurement errors could
impact the results for discharge.
Flowing water in the stream was never ovserved during biweekly data collection.
Despite this, high-volume discharge events were evidenced by displacement of large logs
downstream. High water marks from debris along the channel combined with pressure
transducer data show that water during some event could have been several feet deep.
Cross-sectional geometry of the channel was generally consistent throughout the year.
(Figure 14). Irregularities within the stream channel caused by fallen logs were documented in
March 2016. Further irregularities in the cross section from July 2016 were caused by erosion of
the measuring point on the south bank of the stream. Although depth measurements were made
as accurately as possible, unavoidable slack in the tie line from which all depths were measured
could cause an underestimate of depth in the middle of the stream. The cross sectional area was
combined with the stage height data to calculate the hydraulic radius for a given stage height.
The hydraulic radius and wetted perimeter used to evaluate flow velocity in the Manning
equation were determined by using these cross-sectional measurements by defining the parts of
the channel affected by flowing water for different stage heights.
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Figure 14 Cross-sectional measurements of channel geometry taken at the terminus of the Sandy Creek watershed (Jackson,
Tennessee) at the low terrace downstream (LT-DS) data collection site.

In calculating velocity using the Manning equation for open channel flow, 0.03 was used
for the roughness coefficient. This value was selected because the channel was generally free of
stones and weeds, and did not have any deep pools (Chow, 1959). Two upstream and two
downstream survey spots were used to accurately measure the slope at this reach of the stream.
Results of the stream slope measurements were statistically similar throughout the year, with a
standard deviation of 0.0006, so an average of the values, 0.0035, was used to represent stream
slope in the Manning equation. Discharge was regressed against stage values to determine a
synthetic rating curve for each month, an example of which is shown in figure 15 . The
measured stage heights were used with the synthetic rating curve for that month to calculate the
discharge (Figure 16)
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Figure 155 Synthetic rating curve and calculations for discharge at
varying stage heights

Figure 16 Stage height (m, green) and discharge (m3/s, red) from December 2016 for Sandy Creek, Jackson, Tennessee. Stage
height data were collected from the pressure transducer installed at the terminus of the study site. Discharge values were
synthesized from a rating curve based on assumed cross-sectional area and velocity.
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Flow rates were assumed constant between each 15-min stage height measurement.
Discharge rates at the downstream terminus of the study site in relation to precipitation data for
the watershed is displayed in Figure 17. Discharge data reveal that stream flow events were
closely linked with major rainfall events; however, some rainfalls do not result in flow within the
stream.
3.5 Soil Moisture

Figure 17 Discharge data and precipitation data at the Sandy Creek watershed. Precipitation and discharge data from September
2016 (above) displays two different responses to precipitation: no response since the threshold for discharge was not reached, and
a larger precipitation event that created a strong discharge event with a short resonance time. The same data are displayed from
January 2017 (below), again showing two different responses to precipitation: the left yellow box showing a small response in
discharge from several hours of precipitation, and the right yellow box showing discharge with a resonance time of a few days
after prolonged precipitation events.
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Water volume (mL), as measured by lysimeter at each hydrologic data collection site, and
precipitation data (mm) from the corresponding time interval are shown in Figure 18. Water
volumes were generally high during the beginning of the study in the winter/spring of 2016.
Water volumes started declining in May 2016. By October 2016, data from all four lysimeter
sites were completely dry, indicating very little water being retained by the soil. During winter
months the lysimeter volumes increased. The volumes captured in the winter/spring of 2017
were not as high as the volumes from the same time in the previous year.

Figure 18 Lysimeter data from all four data collection sites in the Sandy Creek watershed

Soil tension (cb), as measured by tensiometers, and precipitation (mm) data are shown in
Figure 19. Tensiometers were removed in November 2016 to prevent freezing water from
damaging the instruments, so data for that period are not available. Additionally, due to very dry
soil conditions, the tensiometers commonly had all available water pulled out of them before
data collection could occur: this lack of water caused the gauge to reset to a reading of zero.
This was recorded as a “false zero”, as it failed to produce an accurate measurement, so no
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values were graphed for these observation periods. Dry soil conditions prevented a reliable data
record from being produced by the tensiometers during the course of this study. However, the
“false zero” data points do show generally that soil tension is very high at every site during the
summer and fall months when no data were collected. The tensiometer at the LT-MS data
collection site was the only one that produced a consistent value of soil tension throughout the
year, even exhibiting the “false zero” data from July to September like the other sites. However,
in October 2016, the LT-MS tensiometer produced similar values as it had before the summer
and then showed a decrease in soil tension until cold weather forced the removal of all
tensiometers. Conversely, tensiometers at the HT-MS and LT-US demonstrated an increase in
soil tension during the months of October and November 2016. High tensiometer readings after
reinstallation in September showed how dry the soil was at the time and validate the “false 0”
readings collected by the previous gauges.
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Figure 19 Soil tension (cb) and precipitation (mm) data at each data collection site in the Sandy Creek watershed. Missing data
due to freezing temperatures and very high soil tensions prevented a consistent dataset from being recorded. No actual readings
of zero cb soil tension were recorded. All missing data was due to the tensiometers being empty upon arrival for data collection

Figure 20 shows neutron probe moisture content (% water mass) at 0.5 m depths up to 3.0
m at the LT-MS and HT-MS locations for data collected eight times from February to October
2016. The dates that the data were collected are color coded to correspond with the time of the
year. Sediment types are presented on the right side of the figure to indicate the material’s
capacity for holding moisture. The high terrace location exhibits a similar pattern of moisture
retention with depth throughout the year, holding more water during the winter months and less
water during the summer and fall. A seasonal drying trend during the summer and fall was
observed with winter and spring months having higher moisture values than those later in the
year. This corresponds well with the precipitation and evapotranspiration data recorded at the
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Figure 20 Soil moisture data (% water mass) measured by neutron probe at the HT-MS
and LT-DS sites on Sandy Creek, Jackson, Tennessee.

HT-MS site. The LT-MS site exhibited a similar drying trend throughout the year with more
moisture being held in the winter and spring months than during summer and fall months. This
sampling location exhibited a consistent moisture content profile throughout the year. However,
it differed in moisture content from the high terrace site due to differences in the soil material
within their respective soil profiles. Data collected on April 1, 2016, proved to hold the most
moisture of all the dates sampled in all locations. This high moisture content was probably a
result of the watershed receiving over 85 mm of precipitation the day before, allowing water to
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infiltrate into the soil column and record values near saturation.
3.6 Water Budget
Water budget calculations at the Sandy Creek site were made by subtracting the water
exiting the watershed via discharge and evapotranspiration from the water entering the watershed
via precipitation on a monthly basis. Assuming annual soil-water change to be negligible
through the year, the difference between the inflows and outflows is the amount of water that
contributed to groundwater as recharge.
Subtracting the amount of water that left the watershed from the water that entered the
watershed produced a total of 0.41 m/m2 of recharge during the course of the study. Table 1 1
shows the cumulative amount of recharge to groundwater on a monthly basis. Figure 21 shows
the monthly amount of recharge per cubic meter of area. Figure 22 shows cumulative recharge
totals based on propagation of measurement errors with high and low estimates for recharge,
providing a range within which the true amount of recharge will fall.

Table 1 Water Budget calculations

1

Table 1 Water budget calculations for the Sandy Creek watershed, Jackson, Tennessee, made using the equation
for recharge. Inflows (blue) are represented by monthly and total precipitation values. Outflows (red) are
comprised of monthly and total values from evapotranspiration (ET) and discharge. Recharge values (purple) are
represented by the monthly and total differences between the inflows and ouflows.
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Figure 22 Monthly recharge values (m3, distributed across the watershed area) at the Sandy Creek watershed, Jackson,
Tennessee.

Figure 21 Cumulative recharge for the Sandy Creek watershed distributed across the watershed area
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CHAPTER 4: DISCUSSION
4.1 Geomorphic Change in the Sandy Creek Watershed
The geomorphology of the Sandy Creek watershed remained mostly unchanged during
this study. Observational data from bi-weekly site visits provided insight as to how the stream
geometry changed over time. Erosion of stream banks and deposition of sediment downstream
caused minor changes to the morphology of the stream during the study period. Although no
observations were made during times when the creek was flowing, movement of fallen tree
trunks and large debris were evidence of significant discharge events. The streambed is
comprised of clean sand without the fine sediments that would be found if the water drained
from the stream slowly, indicating that the water quickly dissipates after the flow stops.
Photographs taken of the same reaches of the stream reveal these changes within the watershed
as high intensity rains and stream flows shaped its morphology throughout the year.
Stream channel morphology remained consistent throughout the study at the Sandy Creek
site. Bank failures and movement of large objects showed the high energy that large discharge
events forced upon the study area. Sand aggradation within the stream channel fluctuated on the
order of centimeters over the course of the study, demonstrating that high energy discharge
events carried debris, without impedance, further downstream of the terminus of the study area.
This lack of aggradation and head cutting confirmed the slope measurements that showed very
little change within the slope and morphology of the stream channel.
4.2 Sediment Analysis
The upland surface was characterized by silty loam soil horizons that were positioned
above the Memphis Sand as seen in Figure 23. Roots throughout the horizons showed that the
upland surface has been stable for several years without being reworked by the modern day
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Figure 23 Conceptual model (Larsen Unpublished) describing the stratigraphy and geomorphic surfaces of the Sandy Creek
Watershed, Jackson, Tennessee.

Sandy Creek. Silty loam soils on the upland surface showed that vertical infiltration rates would
be impeded in comparison to soils with coarser grain sizes. Complete soil saturation on the
upland surface could lead to overland flow that would divert water to the channel and infiltrate
vertically. The high terrace is comprised of silty alluvium with a thin organic layer overlaying
weathered B soil horizons. These silty alluvial deposits are fluvial in origin and overlay the
sandy alluvium and Memphis Sand units expressed on the discontinuous low terrace. Vertical
infiltration occurs in pulses through the silty loam materials of the high terrace, limiting the rate
that water can flow vertically along the soil column. The silt-rich soils along the high terrace
likely respond to complete saturation in the same way that the upland surface does, by producing
overland flow that moves to the low terrace or the stream channel itself. The low terrace is
comprised of sandy loam overlying the Memphis Sand. Although discontinuous, the low terrace
is hydrologically connected to the streambed via the Memphis Sand. This connection allows for
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more rapid vertical infiltration to groundwater than exists for the upland surface and the high
terrace.
4.3 Climate Data
The Sandy Creek site had more precipitation during the course of this study from January
2016 through March 2017, with a total of 186.7 cm, compared to the average of 122 cm/yr at the
weather station at KMKL McKellar-Sipes Regional Airport. Maximum and minimum
temperatures for the year (38.9 and -14.5˚C respectively) mimic 20-year averages for those
values at the KMKL weather station and average temperature for the study period (15.7˚C) is the
same as the typical average annual yearly temperature at KMKL. Precipitation values at Sandy
Creek are also similar to values recorded by KTNJACKS17 and KMKL, weather stations that
are 4 and 10 km, respectively, from the Sandy Creek weather station. Despite distances of a few
miles away, the values returned from KTNJACKS17 and KMKL were within the standard
deviation of the data collected from all stations compared during the course of this study, as
shown in Table 2 2. For 2016, cumulative evapotranspiration values calculated at the Sandy
Table 2. Precipitation data from the Sandy Creek weather station, KMKL weather station and KTNJACKS17 weather station

2

. Precipitation data from the Sandy Creek weather station, KMKL weather station and KTNJACKS17 weather
station, Jackson, Tennessee
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Creek site (584 mm) compared favorably to the six-year average for evapotranspiration (688
mm) from K3JAE’s weather station in Bruceton, Tennessee: a difference of only 100 mm despite
being separated by 50 miles. The evapotranspiration values at the Sandy Creek site were
calculated using a modified Penman-Monteith method and a 5% error value was used to
compensate for potential errors in the calculations. Overall, weather data collected at the Sandy
Creek watershed during the course of this study is consistent with a temperate humid climate as
expected according to the Koppen Climate Classification System.

4.4 Discharge
Discharge data showed that heavy precipitation was required to produce any amount of
discharge at the terminus of the watershed. The precipitation threshold to produce flowing water
in the stream varied with each event, as factors like rainfall intensity and soil infiltrability affect
whether the soil is able to absorb all of the incoming water or whether ponding and overland
flow will occur. Precipitation events with short duration and low intensity were less likely to

Figure 24 Discharge (red) and precipitation (blue) from September 2016. The yellow box on the left shows an instance where
4.2 mm of precipitation fell on the watershed and did not produce any amount of discharge. The yellow box on the right shows
11.2 mm of precipitation falling on the watershed, producing discharge.
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produce flowing water in the streambed because the soils within the watershed were able to
absorb the water that had fallen. This was seen in the September 2016 discharge data (Figure 24)
where 4.2 mm of precipitation fell without producing discharge, presumably due to infiltration
on the land surface. High intensity and/or longer duration precipitation events more often than
not produced discharge in the creek at a high rate. This was seen in the December 2016
discharge data (Figure 25) where just 3.4 mm of precipitation produced discharge on two
separate occasions. When sustained precipitation occurred during the winter and spring months,
even at lower intensities, flowing water in the creek was produced. This was shown at the end of
the December 2016 discharge data (Figure 25) where just 1.4 mm of precipitation was required
to increase discharge within the stream following a week of intermittent precipitation. The
discharge usually was intense and had a short duration of only a few hours. However, sustained
precipitation for a few days in a row allowed for the soils in the watershed to become saturated
and discharge in the creek to occur on the scale of days rather than hours. A minimum amount
of precipitation is needed to produce discharge and when there is discharge, it does not stay in
the stream very long. This indicates that vertical infiltration losses to the streambed account for
a significant portion of the water that entered the watershed. During events where the
precipitation threshold was not achieved, the water either infiltrated into soils in the watershed or
was lost as evapotranspiration.
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Figure 25 Discharge (red) and precipitation (blue) data from December 2016. The two yellow boxes on the left show two
precipitation events of 3.4 mm that produced different magnitudes of discharge just days apart from each other. The yellow
box on the right shows a 1.4 mm precipitation event that produced a discharge event that followed several days of sustained
discharge in the channel, showing that the conditions surrounding the precipitation that falls are very important in determining
how much discharge will be created.

The nature of discharge at the Sandy Creek site during this study is similar to the findings
from Bursi (2015) at the rural Pinecrest site. Flow at both sites was ephemeral with flow only
present in response to or directly following large precipitation events. Additionally, seasonality
had an effect on discharge response to precipitation. Dryer months exhibited a subdued response
to precipitation, if any discharge was seen at all. Lower intensity precipitation events allowed
more time for infiltration to occur and produced less discharge. Conversely, high intensity
events created overland flow and high amounts of discharge (Bursi 2015).

4.5 Soil Moisture
Soil moisture data collected by lysimeter, tensiometer, and neutron probe showed
pronounced seasonal trends in soil moisture content. Lysimeter data showed seasonal soil water
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storage, with more water captured during the wetter months than in the dry months. During the
driest months, no water was found in any of the lysimeters at the site. To reduce the impact of
evapotranspiration and for a more accurate representation of soil moisture available for recharge,
each lysimeter was installed at a depth of 1.5. However, at this depth the lysimeters
measurements had a delayed response to the rising temperatures and higher evapotranspiration
brought on in the spring and summer. The LT-DS lysimeter retained water longer than any of
the others perhaps due to its shaded location where flashy discharge events are most likely to
contribute to soil moisture. The other two lysimeters LT-MS and LT-US exhibited similar
moisture values through the beginning of the year before soil moisture became depleted during
the summer. The HT-MS lysimeter followed trends similar to the LT-MS and LT-US lysimeters.
A number of factors could cause these lower soil water volumes, but primary among them is a
prolonged hot summer/fall that did not provide sufficient precipitation to repeat the soil moisture
conditions of the previous year. Additionally, the prolonged warm and dry period during fall
2016 resulted in high levels of evapotranspiration that prevented water from successfully
infiltrating to the depth of the lysimeter.
Tensiometers were installed at each site to a depth of 1m. From April to June of 2016,
lysimeter values were decreasing, but some soil moisture was still present. Dry tensiometers
during these months may be a result of installation at a shallower depth than the lysimeters,
increasing potential influence from evapotranspiration. Tensiometers used in this study had been
used previously the possibility of damage due to exposure to freezing temperatures could not be
ruled out. Tensiometer gauges were removed from all locations in July 2016 and new gauges
were installed in September 2016. While data were subsequently collected from each location,
the tensiometer dataset remained too inconsistent to contribute to the picture of soil moisture
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behavior during the course of this study.
Neutron probe soil moisture measurements indicated a seasonal drying trend throughout
the year, supporting the lysimeter and limited tensiometer data from the same sites. Although
each location had individual moisture profiles based upon the soils present, the locations on the
low terrace showed increased variability during the wetter part of the year due to their
connection with the Memphis Sand. High evapotranspiration during the summer and fall months
led to available water being used up by surface vegetation before infiltration was able to occur.
Winter and spring showed higher moisture content at all sites. The HT-MS location exhibited a
similar wetting profile, whether there was substantial water within the soil column or not. On the
other hand, low terrace moisture profiles exhibited a significant increase in moisture in the
readings taken within the Memphis Sand Formation during the winter and spring, but particularly
when measurements were taken within days following a large precipitation event. This
correlation between low terrace soil column infiltration and precipitation events demonstrates
that water is not being trapped in the first meter of the soil, and is infiltrating down to the water
table and contributing to groundwater resources. The same trend is not as strong for the high
terrace because the soil water concentrations remain consistent with the amount of saturation in
the soil column, suggesting slow infiltration rates.
Similar to results found at the Pinecrest site (Bursi, 2015), soil water data collected at
Sandy Creek showed seasonal variation in moisture content and was influenced by soil texture.
Lysimeters at both sites exhibited soil water storage that was higher during the wetter months
and lower during the drier months. Similarities in soil moisture content indicate that locations
with comparable geomorphic settings within the recharge belt of the Memphis Aquifer, whether
in rural or urban settings, may behave in a similar way to the Pinecrest and Sandy Creek sites.
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4.6 Water Budget
Water budget results for the duration of this study yielded a net positive recharge value to
groundwater resources. While recharge values were calculated using data collected throughout
the study, possible errors in the measurements may not have been fully accounted. To
compensate for possible errors, estimates for recharge were also made using high and low
estimations for each measurement. As discussed in previous sections, 10% error was taken into
account when calculating discharge values, and 5% error was assigned to evapotranspiration
values, while precipitation values were considered negligible. This produced a range of values in
which the true recharge value would most likely fall. The highest amount of recharge was
estimated to be 0.52 m of recharge/m2 of watershed area and the lowest was estimated to be 0.29.
Recharge estimates varied monthly throughout the study, as shown in Figure 21. The month
with the most recharge, December 2016, preceded the month with the least recharge, January
2017. Months with negative recharge values were caused by insufficient precipitation to
compensate for evapotranspiration, June and October 2016, or by saturated soils preventing
infiltration such that large discharge events carrying water downstream of the watershed, January
2016. Figure 22 displays the cumulative monthly recharge with high and low recharge
estimations based on the estimated measurement errors.
Cumulative monthly recharge estimates (Figure 22) were made using the assumption that
soil moisture throughout the year has no net change. To determine whether this assumption
holds, neutron probe data were used to compare conditions at the beginning and end of the study.
Neutron probe data from the high terrace location was the most appropriate for this comparison
because most of the watershed is comprised of materials similar to those at this location. Data
from the high terrace showed a retention in soil moisture of 0.17 m3 during the study year.
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Factoring this into the equation for recharge provided a new annual recharge estimate of only
0.24 m recharge/m2 of watershed area.
Thus, using two different methods of compensating for potential errors in data analysis
and calculation, potential recharge rates at the Sandy Creek site could range from 0.24 m/year to
0.52 m/yr. The low estimate of 0.24 m/yr is nearly identical to recharge rates found by Bailey et
al. (1993), used numerical groundwater modeling of Jackson, Tennessee to produce an average
recharge rate of 0.229 m/yr. Despite using different techniques, rates in the two studies are
complementary, which is especially significant because Sandy Creek is within the study area of
Bailey et al. (1993). Waldron et al. (Unpublished) using the vadose zone Chloride Mass Balance
method to predict recharge rates at the rural Pinecrest site located in the recharge belt of the
Memphis Aquifer in Southwestern Tennessee. The findings from that study produced a range of
recharge rates that were considerably lower than those found by Bailey et al. (1993), ranging
from 0.027 m/yr to 0.0096 m/yr. Disparities between the recharge rates in Jackson, TN and
those found by Waldron et al. (Unpublished) are worth noting, but are reasonable considering the
deep erosion at the Sandy Creek site. Conversely, Gentry et al. (2006) studied recharge rates
through a hydraulic window in the Memphis area with rates of from 0.50 m/yr to 1 m/yr. These
rates are higher than those found in the Sandy Creek study, but they are calculated within an
urban area with communication with the Memphis aquifer that is different than the conditions at
Sandy Creek.
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CHAPTER 5: CONCLUSIONS
The Memphis aquifer is the primary groundwater resource for western Tennessee,
providing up to 180 million gallons of water per day (Brahana, 1987). Despite the aquifer’s
importance, the recharge processes in the unconfined region, where the Memphis Sand is
exposed at the surface, are not well understood. Quaternary loess and paleosols on the upland
surfaces in the exposure belt could be limiting recharge (Larsen and Brock, 2014). Incised stream
locations where the underlying Memphis Sand is exposed could possibly provide for faster rates
of infiltration, and potential recharge (Waldron et al., 2008). Recharge beneath hilltop surfaces
has been hypothesized to take up to 100 years (Waldron et al., 2008). This study used several
techniques to monitor hydrologic processes within an incised urban watershed in the exposure
belt of the Memphis aquifer in Jackson, Tennessee. Physical observations of precipitation,
surface, and soil water along with changes in stream morphology were used to clarify the
understanding of how recharge occurs in the unconfined regions of the Memphis aquifer.
Measurements of climate data and stream discharge in the Sandy Creek watershed
support the hypothesis that Sandy Creek is an ephemeral stream that loses significant and
measureable flow to stream bed infiltration. Although dry for the majority of the year, major
precipitation events resulted in large amounts of discharge. In most cases, the discharge only
lasted a matter of hours, most likely due to significant losses to stream bed infiltration. Soil
moisture measurements show higher water retention during the parts of the year with consistent
precipitation. Pulses of water migrate through the streambed after significant rain events as
indicated by soil moisture data; however, the high terrace soil moisture data suggest little change
in soil moisture or vertical water movement throughout the year. Conversely, during the summer
and fall when precipitation is sparse, soil moisture measurements reflect that lack of water input.

46

Lysimeter data collected throughout the course of the study reveal a dramatic seasonal drying
trend where soil moisture disappears during the summer and fall before winter rains supply the
soil with water again.
Water budget data show that recharge is contributed to groundwater resources on a
continual basis. Although the watershed in this study is mostly covered in loess terraces not
connected to the Memphis Sand, significant streambed losses during discharge events produce
recharge to the Memphis aquifer through stream sediments that are hydrologically connected to
the underlying Memphis Sand. When considering potential soil moisture retention, recharge
contributions are decreased; however, they are still significant. Future studies will address larger
scale water budget analysis and include more detailed water table analysis as well as continual
soil moisture measurements.
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APPENDIX
A: Cumulative Grain Size Curves
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B: Soil Processing Methods
1. Obtain 6 250 mL Erlenmeyer flasks of similar shape and size and weigh them
individually and record their weights and set them aside
a. Only 6 samples can be processed at a time due to spatial restraints on the shaker
2. Place approximately 3 scoops of the sample into a 50/50 splitter that will result in a
randomized sample.
a. Return the other half of the split sample to the original sample bag
b. Clean the splitter thoroughly after each use
3. Remove the stopper from the sample flask and place the flask on the scale
4. Zero out the scale with the flask on it
5. Using a funnel with a wide terminus, pour approximately 50g into the flask and record
the amount
6. Put the stopper back onto the flask and reweigh the whole thing to get the weight of the
sample, the flask, and the stopper.
7. Add 10 mL of 50g/L Na Pyrophosphate to each sample in the flasks.
8. Add 40 mL of deionized water to each sample in the flask
9. Make sure that the stoppers are tightly affixed to the flasks to prevent spilling during the
shaking process.
10. Arrange the flasks in the shaker with 3 on each row. Secure the flasks by tightly fitting
the padded bars around them so they will not come loose. If necessary, place cardboard
or bubble wrap between the bases of the flasks on the same row.
11. Remove one flask from the shaker to begin the wet sieving process. Continue shaking
the other samples.
12. To prepare for the wet sieving process:
a. Obtain:
i. at least 2 600 mL beakers per sample
ii. 1 250 mL beaker for each sample.
iii. 1 4 phi size sieve
iv. 1 large funnel (big enough to fit the sieve inside of it)
b. Place the sieve into the funnel
c. Place one of the 600 mL beakers into the sink and position the funnel above it.
13. Pour the sample mixture into the sieve and rinse out the flask to make sure that all of the
sample is being sieved.
14. Using a slow stream of water, gently let the water move through the sample and the sieve.
a. The goal is to use as little water as possible because it will have to be evaporated
later
15. Wash the sample through the sieve until the water coming out of the sieve is clear,
meaning that all of the fines have been filtered through the sieve.
a. If the beaker gets full, replace it with another beaker, but do not let it overflow
b. Retain all water from the wet sieving process to insure that no sample is lost.
16. Once the water coming out of the sieve is clean, rinse the sample that remains in the sieve
into a 250 mL beaker.
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17. Place the 600 mL beaker, 250 mL beaker, and the organics tray into a 60 C oven for at
least 12 hours.
18. Remove all three from the oven after 12 hours and weigh them.
19. The 600 mL beaker weight will be subtracted from the weight of the beaker and the dried
sample to obtain the weight of the FINES fraction.
20. Prepare a set of sieves that ranges in size from -2 phi to 4 phi in 0.5 phi increments.
21. Pour the contents of the 250 mL beaker into the sieves and place them into the shaker for
at least 3 minutes. It may be necessary to split the sieves into two sets if there is not
enough room in the shaker.
22. After the shaking period, remove the sieves and remove the sample that is present within
each one and weigh that sample using an empty tare. Remove any organics from these
sieves and add them to the organics tray that will be weighed after each sieve size sample
is processed and weighed.
23. This will result in the SAND and ORGANICS fractions for the sample.
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C: Neutron Probe Soil Moisture Profiles
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